Background: Prostate cancer is predominately a disease of older men, with a median age of diagnosis of 68 years and 71% of cancer deaths occurring in those over 75 years of age. While prostate cancer screening is not recommended for men >70 years, fit elderly men with controlled comorbidities may have a relatively long life expectancy. We compare the use of age related PSA with the detection of primary malignant circulating prostate cells mCPCs to detect clinically significant PC in this population. Materials and Methods: All men undergoing PC screening with a PSA >4.0ng/ml underwent TRUS 12 core prostate biopsy (PB). Age, PSA, PB results defined as cancer/no-cancer, Gleason, number of positive cores and percentage infiltration were registered. Men had an 8ml blood sample taken for mCPC detection; mononuclear cells were obtained using differential gel centrifugation and mCPCs were identified using immunocytochemistry with anti-PSA and anti-P504S. A mCPC was defined as a cell expressing PSA and P504S; a positive test as at least one mCPC detected/sample. Diagnostic yields for subgroups were calculated and the number of avoided PBs registered. Esptein criteria were used to define small grade tumours. Results: A total of 610 men underwent PB, 398 of whom were aged <70yrs. Men over 70 yrs had: a higher median PSA, 6.24ng/ml versus 5.59ng/ml (p=0.04); and a higher frequency of cancer detected 90/212 (43%) versus 134/398 (34%) (p=0.032). Some 34/134 cancers in men <70yrs versus 22/90 (24%) of men >70yrs complied with criteria for active surveillance. CPC detection: 154/398 (39%) men <70yrs were CPC (+), specificity for cancer 86%, sensitivity 88%, 14/16 with a false (-) result had a small low grade PC. In men >70 years, 88/212 (42%) were CPC (+); specificity 92%, sensitivity 87%, 10/12 with a false (-) had small low grade tumours. False (+) results were more common in younger men 36/154 versus 10/88 (p<0.02). With a PSA cutoff of 6.5ng/ml, in men <70yrs, 108 PB would be avoided, missing 56 cancers of which 48 were clinically significant. Using CPC detection, 124 biopsies would be avoided, missing only 2 clinically significant cancers. In men >70 yrs using a PSA >6.5ng/ml would have resulted in 108 PB with 34 PC detected, of which 14(41%) were small low grade tumours. Conclusions: The use of CPC detection in the fit elderly significantly decreases the number of PBs without missing clinically significant cancers, indicating superiority to the use of age-related PSA.
Introduction
Prostate cancer is the most frequent cancer in the male population in the USA (Jemal et al., 2008) and Europe (Ferlay et al., 2007) , and is the first cause of male cancer death in the USA (Jemal et al., 2008) and third cause of male cancer death in Europe (Ferlay et al., 2007) . It is predominantly a disease of older men, with a median age at diagnosis of 68 years and 71.2% of deaths caused by prostate cancer occur in men over 75 years (Ries et al., 2009) cancer is more aggressive in older men (Sun et al., 2009) . Screening for prostate cancer remains controversial, the two large studies published from the USA and Europe produced different results (Andiole et la, 2009 , Schroder et al., 2009 . As a consequence the American Urology Association guidelines do not recommend screening in men over 70 years or with a life expectancy of less than 10 years (Carter et al., 2013) , although they recognize that some elderly men who are healthy may benefit from screening. However they also state that the ratio of harm to benefit increases with age, and that the likelihood of over diagnosis is extremely high, particularly in those with low risk disease (Carter et al., 2013) . The European Association of Urology and NCCN indicate that radical treatment is appropriate in men with a life expectancy of 10 years (Heidenrich et al., 2012 , NCCN 2014 , and thus screening may be appropriate, especially as pathological and oncological outcomes in men >70 years treated by radical prostatectomy are not significantly different than those of younger patients (Mitsuzuka et al, 2014) and advancing age increases cancer specific mortality (Gandagalia et al, 2014) ..
Although there are published values for median life expectancy for age (Walter et al., 2001) they are not useful for individual purposes. Similarly the chronological age is not the same as the biological age in the elderly. The International Society of Geriatric Oncology classified the elderly into four groups according to co-morbidities, functional status and weight loss in the previous three months. Group 1 comprises healthy men, with controlled comorbidities, full independence in daily living and good nutritional status, thus a 75 year old man in Group 1 is expected to live for at least 14.2 years, in comparison with less than 4.9 years for a man in Group 3, classified as frail (Droz et al, 2014) . Therefore, if it is considered that screening is appropriate in men classified as elderly but healthy, there is a need for a biomarker that detects clinically significant cancer that would, if left untreated, affect the survival or quality of life of the patient. The serum total PSA is the only widely used biomarker used for prostate cancer screening, although it is prostate specific an elevated level is not specific for prostate cancer, being increased in benign pathologies (Bozeman et al,2002; Punglia et al., 2006) . Consequently, approximately 70% of men with an increased serum PSA, defined as >4.0 ng/mL, do not have prostate cancer (Jemal et al., 2008) and thus undergo unnecessary prostate biopsies. In elderly patients the specificity of the test decreases as a result of benign hyperplasia and chronic prostatitis (Gann et al., 1995) , to compensate for this age related serum total PSA levels were proposed.
The detection of malignant circulating prostate cells (mCPC) could be one candidate for the early detection of PC. In men with prostate cancer there is, at least, one subpopulation of cancer cells that disseminate early, firstly to the neurovascular structures and then to the circulation (Moreno et al., 1992) . The number of these cells is very small; however these mCPC can be detected using immuocytochemistry with a combination of anti-P504S (methyl-acyl-CoA racemase) and anti-PSA monoclonal antibodies. The use of the biomarker P504S, although not prostate specific , has facilitated the differentiation between normal, dysplastic and malignant tissues in prostate biopsy samples. Normal or benign cells do not express P504S, whereas cells arising from prostatic intraepithelial neoplasia (PIN) or cancer are positive (Beach et al., 2002) .
In this article we analyze prospectively a group of patients, including fit elderly men >70 years who were referred for a prostate biopsy for the suspicion of prostate cancer; based on an increased PSA of ≥4.0ng/mL or a DRE suggestive of a malignant lesion. The results an 12 core ultrasound guided transrectal PB were compared with the detection of mCPC. The objective was to determine the diagnostic yield of the mCPC as a method to detect prostate cancer in men fulfilling criteria for a prostate biopsy and compare with a PSA value of >4.0ng/ml and aged related PSA value of 6.5ng</ml.
Materials and Methods
We prospectively studied all men undergoing prostate cancer screening at the Urology Department, Hospital de Carabineros de Chile between January 2011 and September 2013. Men with a total serum PSA of ≥4.0ng/ ml and/or a digital rectal examination (DRE) abnormal or suspicious of cancer, defined as the presence of a nodule, areas of indurations, or asymmetry in the size of the lateral lobes (Campbell et al., 2011) were referred for an initial transrectal ultrasound guided (TRUS) prostate biopsy. The biopsy results were classified as having cancer or nocancer. The data base created included age and serum PSA, and the results of the biopsy if indicated. Blood samples were taken from all men for the detection of mCPCs.
PSA Values and Prostate Biopsy:
To t a l P S A w a s m e a s u r e d b e f o r e D R E (Siemens,AdviaCentaurXR, total PSA ); all biopsies were 12-core ultrasound guided; when cancer was detected, the number of cores positive for cancer and the maximum percentage of infiltration by cancer were registered. Prostate biopsies were analyzed by a single pathologist.
Detection of mCPC
For detection of primary malignant circulating prostate cells (mCPCs), immediately before a DRE, an 8mL venous blood sample was taken in a tube containing EDTA (Beckinson-Vacutainer). Samples were maintained at 4°C and processed within 48 hours. The serum total PSA, prostate biopsy and CPC detection were independently analyzed, with the evaluators being blinded to the clinical details and results of the serum PSA, biopsy or CPC test.
Mononuclear cells were obtained by differential centrifugation using Histopaque 1,077 (Sigma-Aldrich), washed, and resuspended in 50 mL of autologous plasma. 25 mL aliquots were used to make slides (silanized, DAKO, USA), dried in air for 24 hours, and fixed in a solution of 70% ethanol, 5% formaldehyde, and 25% phosphate buffered saline pH 7.4.
Immunocytochemistry
mCPCs were detected using a monoclonal antibody directed against PSA, clone 28A4 (Novocastro Laboratory, UK), and identified using an alkaline phosphatase-anti alkaline phosphatase based system (LSAB2, DAKO, USA), with new fuchsin as the chromogen. Positive samples underwent a second process with anti-P504S clone 13H4 (DAKO, USA) and were identified with a peroxidase based system(LSAB2,DAKO, USA) with DAB (3,3-diaminobenzidine tetrahydrochloride) as the chromogen.
A mCPC was defined according to the criteria of DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.601 Prostate Cancer Screening in the Fit Chilean Elderly: Comparison of Methods ISHAGE (International Society of Hemotherapy and Genetic Engineering) (Borgen et al., 1999) and the expression of P504S according to the Consensus of the American Association of Pathologists (Ruben et el, 2002) .
A malignant CPC was defined as a cell that expressed PSA and P504S, a benign prostate cell could express PSA but not P504S, and leucocytes could be P504S positive or negative but did not express PSA. A test was considered positive when at least 1 cell/4mL of blood was detected. P504S was not used alone as leucocytes can be positive for this marker. Patients with benign CPCs were considered as being negative for the test. Prostate cancer cells as well as PIN cells express P504S whereas benign cells do not; thus cells expressing PSA and P504S were considered to be malignant, whereas cells expressing PSA but not P504S were considered to be benign (Murray et al., 2013) . (Figure 1A-C) .
Analysis of the results
The frequency of mCPC detection was compared with age and serum total PSA levels for all men. Those undergoing prostate biopsy were divided into two groups; Group I those men <70 years and Group II men ≥70 years, data was analyzed using the cutoff value of total PSA of 4,0ng/ml and 6,5ng/ml and using the presence or absence of mCPC.
The discrimination of the differing diagnostic tests was defined using the normal parameters: true positive (TP); false positive (FP), false negative (FN), and true negative (TN). The predictive values, positive (PPV) as well as negative (NPV), were evaluated, as well as the positive and negative likelihood ratios (+LR and -LR, resp.). In men with FN CPC detection the details of the cancer were analyzed. The potential number of biopsies avoided for each method was calculated. In addition, using the criteria of Epstein et al. (1994) , the number of cancers needing active treatment and active observation were registered for each test to determine the clinical significance of each test used.
Statistical analysis
Descriptive statistics were used for demographic variables, expressed as mean and standard deviation in the case of continuous variables with a normal distribution. In case of an asymmetrical distribution the median and interquartile range (IQR) values were used. Noncontiguous variables were presented as frequencies.
The Shapiro-Wilk test was used to determine a normal distribution. The Student t-Test was used to compare continuous variables with a normal distribution, the Mann-Whitney test for ordinate and continuous variables with a non-normal distribution, and the Chi-squared test for the differences in frequency. The diagnostic yield for the test detecting CPCs and PSA score were analyzed using standard parameters. For this purpose patients were classified as having or not having prostate cancer. Statistical significance was defined as a p value less than 0.05 to two-sided. Analysis was performed using the Stata 11.0 program (StataCorp LP, College Station, Texas, USA).
Results

Total population
1198 men with a mean age of 64.7±10.2 years participated in the study, with a median serum PSA of 4.42ng/ml (inter-quartile range 1.71-6.30ng/ml. Of these men 685 had a PSA >4.0ng/ml and prostate biopsy was recommended.
Men with prostate biopsy
A total of 610/685 (89.1%) men with a PSA ≥4.0ng/ml underwent trans-rectal 12 core ultrasound guided biopsy during the study period, the 75 men underwent biopsy at a later date. Group I men younger than 70 years: 398 men with a mean age of 60.2±6.2 years, with a median total serum PSA of 5.59ng/ml (IQR 4.44-7.69ng/ml). 134/398 (33.7%) had prostate cancer detected on biopsy. 34/134 (25.4%) of men with prostate cancer complied with the Epstein criteria for active observation. Group II men at least 70 years and older: 212 men with a mean age of 74.2±4.5 years and a median serum PSA of 6.24ng/ml 
Group II
88/212 (41.5%) had mCPC detected, the presence/ absence of mCPC in comparison with the results of the prostate biopsy is shown in Table 3 . Of the 12 men mCPC negative with a positive biopsy, 10/12 (83.3%) complied with the criterion for active observation. The diagnostic yield is shown in Table 2 The frequency of men mCPC (+) biopsy (-) (false positive) was significantly higher in men <70 years, 36/154 (23.4%) versus 10/88 (11.3%)(p<0.02). In men mCPC (-) biopsy (+) (false negative) there was no difference 16/244 (6.6%) versus 12/124 (9,7%) (p=0.29) respectively. In clinical terms 14/16 of men <70 years with a false negative test had small volume low grade tumors, and in men ≥70 years 10/12 had similar tumors (p=0.46), these tumors complied with the criterion for active observation.
Using a cutoff point of 6.5ng/ml in men ≥70 years to recommend prostate biopsy
Using a cutoff value of 6.5ng/ml in men >70 years would have resulted in 108/212 (50.9%) elderly men undergoing biopsy, of whom 34/108 (31.5%) had a positive biopsy for cancer (Table 4 ). Of these 34 cancers, 14 (41%) complied with the criterion for active observation. With this cutoff value, 104 men >70 years would not have undergone a biopsy, missing 56 cancers, of which only 8/56 (14.2%) complied with the criterion of active observation. The frequency of detected cancers was significantly higher in the group with a PSA of between 4.0-6.5ng/ml, 56/104 (53.9%) versus 34/108 (31.5%) (p=0.001 Chi squared), as was the frequency of clinically significant cancers, 48/56 (85.6%) versus 20/34 (58.8%) (p=0.009, Chi squared).
The diagnostic yield of using a cutoff point of 6.5ng/ ml and not 4.0ng/ml is shown in Table 2 .
Comparing mCPC detection with a PSA cutoff value of 6.5ng/ml.
Using a cutoff of 6.5ng/ml and not 4.0ng/ml resulted in 56/90 (62.2%) of cancers not being detected, of which 48/56 (85.7%) complied with the recommendations for active treatment or in other words clinically significant. In contrast, over the whole range of PSA values over 4.0ng/ml the use of mCPC detection failed to detect only 2 clinically significant cancers, a significant difference (p<0.001). In terms of biopsies avoided, the cutoff of 6.5ng/ml would have resulted in 108 less biopsies (50.9%) being performed, in comparison using mCPC detection 124 biopsies would have been avoided (58.5%), significantly more biopsies would have been avoided with mCPC detection (p=0.03).
Discussion
There is a group of men >70 years, who in spite of not complying with prostate cancer screening recommendations, are, according to the International Society of Geriatric Oncology, healthy men with controlled comorbidities, full independence in daily living and good nutritional status and are expected to live on average for at least 14.2 years. It would seem inappropriate that these men are not considered for screening and as a result treatment of a detected cancer. The role of age in decision making is particularly problematic, published data suggest that otherwise healthy older men with clinically significant cancers may not be receiving potentially life prolonging therapy as a result of the perception that they are unlikely to benefit from treatment (Alibhai et al., 2002) . However, DOI:http://dx.doi.org/10.7314/APJCP.2015.16.2.601 Prostate Cancer Screening in the Fit Chilean Elderly: Comparison of Methods there is evidence that potentially curative therapy may lead to positive health outcomes for men up to least 80 years with moderately or poorly differentiated localized prostate cancer (Becker et al, 2014) . Population based studies have shown that a greater frequency of PSA testing in men >70 years in the 5 years before prostate cancer diagnosis is associated with a lower likelihood of being diagnosed with metastatic prostate cancer and improved overall and prostate cancer specific survival (Hu et al, 2014) .
Autopsy studies have shown that men older than 70 years have significantly larger cancers, higher Gleason scores, and more advanced stage (Delongchamps et al., 2009) . Although total serum PSA is a significant predictor for prostate cancer in men over 75 years (Verim et al., 2013) , PSA based screening is currently based on the urologists opinion and age alone has been a major influence on this opinion (Situmorang et al., 2012) . The frequency of men with an elevated PSA and benign biopsy is country dependent, (Belbase NP et al., 2013) , may be significantly different between rural and metropolitan populations in the same country (Lalitha et al., 2012) . Thus an ideal biomarker should be able to differentiate between benign disease and prostate cancer, especially in this older age group. The use of mCPC detection may be of use across differing populations as the frequency of mCPC detection increases both with serum PSA and age , and has a high negative predictive value, not detecting low grade small volume tumors (Murray et al., 2014a) .
Our results show that clinically significant prostate cancer was detected more frequently in elderly Chilean men with a serum PSA >4.0ng/ml when compared with the younger age group. The results also show that those elderly patients complying with the criteria for active surveillance are in the minority, and thus the concern of over diagnosing and over treating indolent cancer may be overestimated for the group as a whole.
Using a PSA cutoff value of 6.5ng/ml in men >70 years would have reduced the number of prostate biopsies but missed the majority of clinically significant cancers. Low grade tumors and benign disease were more common in this group, as compared with elderly men with a PSA of 4.0-6.5ng/ml.
In contrast the use of sequential mCPC testing significantly reduced the number of prostate biopsies while detecting clinically significant cancers. Older men had significantly less false positive CPC testing; it may be that in younger men with small volume, high grade tumors the biopsy core did not detect the cancer even though dissemination of cancer cells to the blood occurred.
An ideal biomarker for the detection of prostate cancer is one that detects clinically significant cancers, does not detect indolent cancer, and has a high negative predictive value to avoid unnecessary biopsies. Prostate biopsies have associated risks; Prostate biopsies have associated risks; with a 30 day complication rate of 3.7%, especially in those over 85 years or with three or more comorbidities and has increased in recent years predominantly as a result of infection (Anastasiadis et al, 2014) and thus avoiding biopsies is a worthwhile aim, if the number of clinically significant cancers detected is not prejudiced.
The use of sequential mCPC detection appears to fulfill these criteria, having a higher diagnostic yield in comparison with total serum PSA. What is probably more important is that the NPV of 90.3% in a sample of patients >70 years, with a prevalence of cancer of 42.5% and a suspicion of prostate cancer requiring a biopsy showed that the absence of CPCs had a high discriminating power. This suggests that men with an increased serum PSA and/ or abnormal DRE but negative CPC could be considered of being at low risk and thus a biopsy might not be necessary. This is in contrast with the use of age-related PSA, the recommended cutoff value of 6.5ng/ml did not fulfill these requirements; although decreasing the number of biopsies; the number of clinically important prostate cancers that would be missed was significant.
Results using the detection of circulating prostate cells with different methodologies have been discordant. This problem has been extensively reviewed as to the advantages and disadvantages of each method (Fehm et al 2005 , Patenleukou et al., 2009 . The widely accepted concept that all positive cytokeratin and/or EpCAM and CD45 negative cells with a nucleus in cancer patients are circulating tumor cells (CTCs) has imposed a clear bias on the study of CTCs. Mainly the failure to include tumor cells that have reduced or absent cytokeratin and/or EpCAM expression and the failure to identify such cell types limit investigations into additional tumor types. EpCAM is expressed in most but not all tumors (Went et al., 2004) ; there is downregulation with cancer progression and metastasis and cytokeratins are heterogeneously expressed in tumor cells and also may be downregulated during disease progression or in poorly differentiated tumors. During the progression of epithelial to mesenchymal transition both markers are downregulated (Paterlini-Brechot, 2007) . Benign CPCs can be found in men with benign hyperplasia and prostatitis which may explain the high detection rate in controls, but these cells do not express P504S (Murray et al., 2013.) In conclusion, in this sample of fit elderly Chilean men the use of an age adjusted PSA value of 6.5ng/ ml to recommend a prostate biopsy for the suspicion of prostate cancer did not comply with the criteria of ideal biomarker, that more men with a PSA in the range 4.0-6.5ng/ml had clinically significant cancers. The use of mCPC detection however, decreased the number of potential biopsies without missing a significant number of clinically important prostate cancers in this group of elderly fit Chilean men and deserves studies with a larger number of patients to confirm these results as well as multicenter studies. 
